Introduction
The benzimidazole is as a class of heterocyclic compound, consisting of a benzene ring fused to an imidazole ring [1] [2] [3] . There are different methods of preparing them using various reagents such as, carboxylic acid, esters, amides, aldehydes etc., when reacted with o-phenylenediamine and their derivatives, afforded the benzimidazoles. Methods of benzimidazoles synthesis from the condensation of 1,2-phenylenediamine with aromatic aldehydes under oxidative condition are simple and efficient method and the reactions give high yields in short time and easy in isolation. The reaction carried out in air under reflux or in room temperature in presence an oxative reagent such as H2O2 [3] , Pb(OAC)2 [4] , or in presence a catalyst such as cupric acetate [5] . The complexes of transition metals with benzimidazole have been extensively studied due to the ability of benzimidazoles as excellent N-donor ligands [6] . Most of benzimidazoles possess antibacterial, fungicide, antihelmintic and antitumor activity [7] . The numbering system for benzimidazoles is given in Scheme 1 [3] . Substitution at 2 position of benzimidazole ring is very important for their pharmacological effect [8] . 
Experimental

Apparatus
FT-IR spectra were recorded in the range 4000-500 cm -1 using KBr disc on Shimadzu FT-IR 8400S spectrometer. 1 Hand 13 C NMR spectra were recorded on Bruker 400 spectrometer (400 MHz for 1 H NMR and 100 MHz for 13 C NMR) using DMSOd6 as a solvent and TMS as an internal reference. Mass spectrum for the ligand was recorded on Agilent Technologies-5975C (EI, 70 eV). The thermal analyses (TG and DTG) were carried out in dynamic nitrogen atmosphere (20 mL/min) with a heating rate of 10 °C/min using a Perkin-Elmer thermal analyzer.
Scheme 2
The TLC type silica gel 60F254 was used to monitor the reaction and the spots were visualized by UV lamp Black-Ray-B-100A. Molar conductance of the freshly prepared solutions (1×10 -3 M in DMSO) was measured at room temperature using W.T.W-Conductivity meter. The metal content of the prepared complex was found by a Buck 210 BGP model atomic absorption spectrometer after digestion in nitric acid. Elemental analyses for C, H and N were performed using a Leco CHNS-932 Analyzer.
Materials and methods
Material
4-Methyl-1,2-phenelyenediamine from Merck and used after recrystallization from hexane. Indol-3-carboxaldehyde from Himedia and used as supplied various metal (II) acetate were of Fluka, all other solvents are of analytical grade.
Synthesis
Synthesis of ligand, 2-(1H-indol-3-yl)-5-methyl-1H-benzo[d]imidazole
An ethanolic solution (15 mL) of 5 mmole (0.725 g) of indole-3-carboxaldehyde and ethanolic solution (10 mL) of 5 mmole (0.61 g) of 4-methyl-1,2-phenelyene diamine mixed and refluxed in presence of 2 drops of concentrated sulphuric acid [2] for 2h with continuous stirring. The orange precipitate which separated filtered hot and washed with hot ethanol and then with ether several times and dried at 70 °C in oven. The crude product was recrystallized from DMF:H2O (1:10, v:v 
Computational details
All computations were performed using the Gaussian09 software package [9] . Full geometry optimizations were carried out using the Density Function Theory at B3LYPlevel for studied ligand and their Cd(II), Cu(II) and Zn(II) complexes [10, 11] . LANL2DZ is a basis set for post-third-row atoms which uses effective core potentials in order to reduce computational cost [12] . Properties and HOMO-LUMO energies of the ligand and their complexes was calculated by the LanL2DZ basis set for the Cd, Cu and Zn atoms and the 6-311+G(d,p) higher basis set level for N, O, C and H atoms. Mulliken charge distributions of the investigated compounds were also computed at same level of method.
Results and discussion
Characterization of ligand
The benzimidazole ligand, 2-(1H-Indol-3-yl)-5-methyl-1H-benzo[d]imidazole, was formed according to the mechanism of Scheme 2. The ligand insoluble in hexane, benzene, toluene, diethyl ether and chloroform; sparingly soluble in methanol and ethanol and very soluble in DMSO and DMF. The ligand exhibits two bands for νN-H the first is a strong and a broad at 3400 cm -1 attributed to νN-H of benzimidazole moiety [13, 14] , the second at 3128 cm -1 weak and broad attributed to νN-H of indole moiety. The weak band at 3047 cm -1 attributed to νC-H aromatic and the bands at 2920 and 2866 cm -1 attributed to νC-H asym and sym stretching of CH3 group. The strong band at 1633 cm -1 attributed to νC=N stretching mode.
The mass spectrum confirms the proposed formula where the molecular ion peak (100%) at 247.2 m/z, which is fit the molecular weight and the high relative abundance gives an idea of the stability of molecular ion (Figure 1) .
The 1 H NMR spectrum of ligand shows a signal at δ 11.86 ppm attributed to NH proton of benzimidazole moiety [14, 15] , another single signal at δ 11.00 ppm attributed to NH proton of indole moiety [16, 17] . The aromatic protons appear in the expected region as multiples signals in the range δ 7.05-8.33 ppm. The methyl protons appear as a singlet signal at δ 2.30 ppm. The 1 H NMR spectrum of ligand as shown in Figure 2 .
The 13 C NMR spectrum shows a signal at δ 21.19 ppm attributed to methyl carbon and a signal at δ 149.5 ppm to C=N (Figure 3 ) [18] . All signals attributed to aromatic carbon are listed experimental section together with the numbering system of the ligand.
Characterization of the metal complexes
The Zn(II), Cu(II) and Cd(II) complexes are stable, nonhygroscopic and having high melting points (>300 °C). These complexes are insoluble in common organic solvent but they soluble in DMF and DMSO except Cd(II) complex also insoluble in DMSO.
The elemental analysis CHN and the metal ratio in the complexes are in agreement with suggested formula which indicates that the ligand associates with metal (ions) in 1:1 molar ratio. The molar conductance measurements indicate their non-electrolytic nature.
To elucidation the site of binding between ligand and metal ions, IR spectroscopy gives good evidence when compared the IR spectrum of ligand with IR spectra of complexes, the band at 3400 cm -1 which attributed to stretching vibration of N-H (benzimidazole) in free ligand, this remain unchanged in the complexes spectra, indicating that this group in not participating in coordination but the band at 3128 cm -1 which attributed to N-H of indol moiety in free ligand is totally disappearance. This data is suggested that the deprotonation and participating through the nitrogen atom of indole. The band at 1633 cm -1 which attributed to C=N in free ligand is shifted to a lower wave number side (∆ν = 6-17 cm -1 ) in all complexes indicates the participation of the C=N group in coordination to the metal ions through the lone pair of electrons on the nitrogen atom [17] .
The 1 H NMR spectrum of Zn complex (diamagnetic) (Figure 4 ) when compared with the ligand spectrum, shows only the signal of benzamidazole N-H at δ 11.63 ppm which 4 4 th indicated that this group not participation in complex formation while the signal at δ 11.00 ppm in ligand spectrum which attributed to NH proton (indole moiety) is totally absent in the complex spectrum which indicated the deprotonation of NH group and subsequently the replacement of proton by metal. 
Thermal degradation
Thermal degradation of [Cu(L)(H2O)(CH3COO)].H2O
The TG/DTG curve of the [Cu(L)(H2O)(CH3COO)].H2O shows the four steps decomposition. The first step in the range 50-125 °C (DTGmax = 95 °C) with mass loss 4.93% (theoretical 4.45%) which indicates the presence of one lattice water molecule. The second step with mass loss 4.89% (theoretical 4.66%) which attributed to one coordinated water molecule [19] . The third and fourth steps take place in fast rate ( Figure  5 ) starting from 275 °C to the final temperature 800 °C. The residual part 28%, may be attributed to the CuO polluted with carbon [19, 20] . 
Thermal degradation of [Zn(L)(H2O)(CH3COO)].2H2O
The TG/DTG curve of the zinc complex shows three steps of degradation, the first step 8.49% (theoretical 8.49%) weight loss in the range 50-169 °C corresponds to two lattice water molecules [20] . The second step in the range 185-345 °C with mass loss 20.2% (theoretical 20.1%) which represent the loss of both acetate and coordinated water together. The last step begin at 350 °C and end at 600 °C to afford the final degradation of ligand and the final product is ZnO 19.72% (theoretical 19%) [19, 20] .
Thermal degradation of [Cd(L)(H2O)(CH3COO)].H2O
The TG/DTG curve of the cadmium complex shows four steps decomposition and similar to the Cu complex, where the first step 50-150 °C (DTGmax = 100 °C) with mass loss 3.83% (theoretical 3.97%) which indicated the presence of one lattice water molecule [20] . The second and third steps in the range 170-410 °C with total mass loss 17.77% (theoretical 17.93%) equivalent to one coordinated water molecule and acetate. The fourth step starting from 415 to 800 °C and the final residue 27.85% (theoretical 28.25%) which indicated that the final product is cadmium (II) oxide.
Kinetic and thermodynamic analysis
The thermal dehydration and decomposition of the complexes were studied using Coats-Redfern method [20, 21] .
where Wf and Wt are weight at the end step and at any temperature, respectively; E, activation energy; R, Gas constant (8.314×10 -3 kJ/mole); Ɵ, heating rate and A, preexponential factor. The decomposition steps of all complexes show a best fit for first order in all steps. The correlation coefficient (r 2 ) was computed using the least square method by plotting the left hand side of Coats-Redfern equation versus 1000/T ( Figure 6 ). The activation energy and the exponential factor were calculated from the slope and intercept, respectively. ∆H, ∆S and ∆G for all steps were calculated by using the Equation (2-4) .
ΔG = ΔH -T×ΔS ( 4 ) whereas, h, Planck constant (6.6262×10 -34 J.s);KB, Boltzman constant (1.3806×10 -23 J/K) and TS (Tmax from DTG curve). The thermokinetic data are summarized in Table 1 . From this result, the high activation energy for all complexes indicated the high stability of the complexes. In general, the activation energy of the second steps are higher than first step, this indicated that the dehydrated complexes are more stable, in addition the positive value of ∆H means that the decomposition process are endothermic. The negative values of ∆S indicated that the complexes more ordered than the reactants. All values of ∆G are positive which indicate that all steps are non-spontaneous [20] . 
Computational results
Geometrical optimization
The visualization of the optimized geometrical structure and atomic labeling of [Cd(L)H2O.CH3COO] complex calculated by the B3LYP/LanL2DZ method with 6-311+G(d,p) basis set are given in Figure 7 . The optimized geometric parameters are listed in Table 2 . The crystallographic structures of 2-(1H-indol-3-yl)-5-methyl-1H-benzo[d]imidazole and their Cu(II), Zn(II) and Cd(II) complexes is not available in the literature, therefore we compared some bond lengths and bond angles with X-ray diffraction data of M-N and N-C as a general. The optimized bond lengths and bond angles of title ligand and complexes are in good agreement with X-ray data [22] [23] [24] . N25-C26 in L-Zn complex is shorter and C25-N14 is longer than as expected (1.368 and 1.389 Å, respectively). The angles C14-N25-M and C26-N25 were calculated as 146.23° and 104.94° for Cd complex, while the corresponding angles for Cu and Zn complexes are 122.56° and 130.36° and 133.13°, 119.06°, respectively.
Mulliken population analysis
Dipole moment, molecular polarizability and bond properties are affected by atomic charges, therefore, the Mulliken atomic charge calculation has an important role in quantum chemistry [25] [26] [27] . Mulliken population analysis was performed using DFT/B3LYP calculation method with 6-311+G(d,p) basis set and LanL2DZ basis set for Cu(II), Zn(II) and Cd(II) metal complexes. Graphical reorientations of Mulliken charge distributions of ligand and L-Cd, L-Cu, L-Zn complexes is shown in Figure 8 . As can be seen in Table 3 
Total energies, dipole moments and molecular orbitals analysis
The HOMO energy represents the ability to donate an electron, LUMO energy as an electron acceptor represents the ability to obtain an electron [28] . The HOMO-LUMO energy calculations of the title compounds were performed using DFT/B3LYP method with 6-311+G(d,p) basis set for the ligand and DFT/B3LYP methods with LanL2DZ basis sets for its Cd, Cu and Zn complexes. Furthermore, the orbital shapes (HOMO-LUMO) and the energy gap between the HOMO-LUMO which is a critical parameter to determine molecular electrical transport properties [29] were plotted in 3-dimensional (3D) by using at B3LYP/6-311+G(d,p) and B3LYP/ LanL2DZ levels, respectively, are given in Figure 9 . The values of the calculated energies, dipole moment and frontier molecular orbital energies of ligand and Cd, Cu and Zn complexes from the B3LYP and B3LYP/LANL2DZ/6-311+G(d,p) basis set calculations are given in Table 4 . 
